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(54) Ruorescent liquid crystalline charge transfer materials 

(57) TTie present invention relates to novel charge transfer niaterials which have both the advantageous properties 
of aniorphous materials such as structural flexibility and uniformity over large areas, and those of crystalline materials 
such as molecular orientation and which are excellent in charge transferability, thin-film formability, and durability of var- 
ious types. The liquid crystalline charge transfer materials have the following structure (A) containing a fluorescent skel- 
etal structure Y. and the core Z of a liquid crystal: 



Ri — Xi 




(A) 



in 



in which R^, which may directly be combined with Z without interposing represents a saturated or unsaturated, and 
linear, branched or cyclic hydrocarbon group having 1 to 22 cattx)n atoms; and and Xj represent oxygen atom, sulfur 
atom, or -CO-. -0C0-. -C00-. -NoCH-. -CONH-, -NH-. -NHCO- or -CH2- groip; or 



(B) 



^ in which and R2, which may directiy be combined with Y without interposing and X2, each represent a saturated 
^ or unsaturated, arKj linear, branched or cyclic hydrocart>on group having 1 to 22 carbon atoms; and Xi and X2 represent 
oxygen atom, sulfur atom, or -CO-. OC0-, -C00-. -N=CH-, -CONH-, -NH-, -NHCO- or - CH2- group. 
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Description 

[0001] The present invention relates to fluorescent liquid crystalline charge transfer materials. More particularly; the 
present invention relates to liquid crystalline organic materials having fluorescence and charge transferability, and to 

5 various elements or devices using these organic materials. 

[0002] As charge transfer materials, there have conventionally been known those materials which are obtained by 
dissolving or dispersing charge transfer molecules, which will become charge transfer sftes, in matrix materials such as 
polycartx)nate resins; and those materials such as polyvinyl carbazole which have polymer backbones and charge 
transfer molecular structures as pendants to the backbones. These materials have widely been used for producing pho- 

10 tooonductors for use In copying machines, printers, and the like. 

[0003] In the case of the dispersion-type charge transfer materials in the above^escribed conventional charge trans- 
fer materials, it is desirable for Improving charge transferability that charge transfer molecules be highly soluble in a 
matrix polymer. Practically, however, charge transfer molecules are aystallized in a matrix when the concentration of 
the charge transfer nrolecules in the matrix is made high. Therefore, the concentration of charge transfer molecules in 

IS a matrix is. in general, limited to 20 to 50% by weight although it depends on the type of the charge transfer molecules. 
Consequently the amount of the matrix having no charge transferability becomes 50% by weight or more of the whole 
material; and. when such a material is made into a film, the sufficiently high charge transferability and speed of 
response of the charge transfer molecules are restricted by the matrix. 

[0004] On the other hand, in the case of charge transfer polymers of the above-described pendant type, although the 

20 proportion Of pendante having Charge transferalKlit/ is highrt^ 

bility, and also In mechanical strength, environmental stability and durability when they are made into films. Further, in 
_ „ thechargefransfejvmateria^te^ per^nts are locaHy in close proximity. Such locally dose 

pendants become stable sites when hopping of electric charges is conduced, arKi art as a larS tr^. Consequintly, 
the mobility of electric charges is lowered. 

25 [0005] Furthermore, the features of the above-described amorphous materials, viewed from electrical characteristics 
are different from those of crystalline materials; and the amorphous materials have such a problem that hopping sites 
have fluctuation in terms of not only space but also energy For this reason, the mobility of electric charges in the amor- 
phous materials is highly dependent on the concentration off charge transfer sites; and it is generally from about 10*^ to 
10"® cnrf/vs. This value Is much smaller than the mobility of electric charges in molecular crystals, which is in the range 

30 Of 0.1 to 1 cm^/vs. Moreover, there is such a problem that the charge transferabiltiy is highly depmient on both tem- 
perature and electric f ieki strength. This is the great difference between the anrv)rphous charge transfer materials and 
crystalline ones. 

[0006] In addition, for such applications that require charge transfer layers having large areas, pdycrystalline charge 
transfer materials are anticipated because they can uniformly be made into charge transfer films having large areas. 
35 However, polycrystalline materials are essentially unhomogeneous from the microscopical point of view. They have 
therefore some problems; for example, it is necessary to suppress those defects which will be formed on particle-parti- 
cle interfaces. 

[0007] An object of the present invention is therefore to solve the aforementioned problems in the prior art, tiiereby 
providing novel charge transfer materials which have both the advantageous properties of amorphous materials such 

40 as structural flexibility and uniformity over large areas, and those of crystalline materials such as molecular orientation 
and which are excellent In charge transferability, thin-film fbrmabillty, and durability of various types. 
[0008] Further, we also found that some of tiie above-described novel charge transfer materials themselves are fluo- 
rescent. When a display dement such as an electro-luminescent element is composed by using such a charge transfer 
material, it is not necessary to introduce any fluorescent material which tends to impede the orientation of molecules in 

45 a liquid ayslal. Therefore, the present invention also provides charge transfer materials which are free from lowering of 
charge t^nsferability, which do not change the nature of liquid crystals and which can attain high mobility of electric 
charges. 

[0009] Furttiermore, the liquid crystalline materials of the present invention have both charge transferabil'rty and fluo- 
rescence. Therefore, when they are used, for example, as electro^uminescent dements, the electro-luminescent ele- 
50 ments can be produced by using only the liquid crystalline materials, and the production process of the elements can 
thus be simplified, although it is necessary, for conposing conventional electro-luminescent elements, to use two or 
three layers of an electron transfer layer; a hole transfer layer and a luminescent layer respectively made from materials 
having electron transferability, hole transferability or fluorescence. 

[0010] The above^escribed object is attained by the present invention which will be described hereinafter. Namely, 
55 a first embodiment of the present invention is a liquid crystalline charge transfer material having the following ^clure 
(A) containing a fluorescent skeletal structure Y. and the core Z of a liquid crystal: 
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Xi- 





(A) 



wherein R^, which may directly be combined with Z without interposing represents a saturated or unsaturated, and 
linear, branched or cyclic hydrocartx)n group having 1 to 22 cartx)n atoms; and and X2 represent oxygen atom, sulfur 
atom, or -CO-, -0C0-. -COO-. -N=CH-. -CONH-, -NH-. -NHCO- or -CHg- group. 

[001 1 ] A second embodiment of the present invention is a liquid crystalline charge transfer material having the follow- 
ing skeletal structure (6) containing the fluorescent core Y of a liquid crystal: 



wherein and R2, which may directly be combined with Y without interposing X^ and X2. each represent a saturated 
or unsaturated, and linear, branched or cyclic hydrocartwn group having 1 to 22 carbon atoms; and X^ and X2 represent 
oxygen atom, sulfur atom, or -CO-. -OCO-. -C00-, -N=CH-, -CONH-, -NH-, -NHCO- or - CH2- group. 
[0012] Liquid crystalline molecules have self-orienting property due to their structures. Therefore, in the case of 
charge transfer in which liquid aystalline molecules are used as hopping sites, scattering of hopping sites in terms of 
both space and energy is prevented unlike in the case of charge transfer utilizing the previously-mentioned molecule- 
dispersed materials, and band-like charge transfer which can be seen in molecular liquid aystals is thus attained. For 
this reason, the liquid crystalline molecules can attain extremely high mobility of electric charges as compared with the 
conventional molecule<lisper8ed materials; and, moreover, the mobility is not dependent on electric field. In addition, 
by introducing fluorescent skeletal structures to the above-described liquid aystalline molecules having self-orienting 
property, there can be obtained liquid aystalline charge transfer materials whose self-orienting property is not 
adversely affected by the addition of fluorescent materials. 
[001 3] In the drawings. 

Fig. 1 is a schematic view showing an electro-luminescent element; 

Fig. 2 is a schematic view showing an electro-luminescent element (an example of electrode pattern): 

Fig. 3 is a schematic view showing an electro-luminescent element; 

Fig. 4 is a schematic view showing an electro-luminescent element; 

Rg. 5 is a schematic view showing an optical sensor; 

Fig. 6 is a schematic view showing an optical sensor; 

Fig. 7 is a schematic view showing an optical sensor; 

Fig. 8 is a schematic view showing an image-displaying element; 

Rg. 9 is a schematic view showing an iniage-recording device; 

Rg. 10 is a schematic view showing an image-recording device; 

Fig. 1 1 is a schematic view showing a spacial optical modulator; and 

Rg. 12 is a schematic view showing a thin^ilm transistor. 

[0014] By showing preferable embodiments of the present invention, the present invention will be described more spe- 
cifically. 

[0015] Liquid crystalline charge transfer rmterials of the present invention will be enumerated below. Among the fol- 
lowing charge transfer materials, preferable ones are those liquid crystalline charge transfer materials which fulfill the 
previously-mentioned requirements, and, at the same time, have the core (6jc electron system aromatic ring)|, (lOre 
electron system aromatic ring)^ or (147i electron system aromatic ring)n (where 1, m and n are an integer of 0 to 4, pro- 
vided that I + m + n = 1 to 4), the Gtc electron system aromatic ring being combined through a combining group having 
cart)on-cartx>n double bond or cartx)n-cartx)n triple bond. The number of the aromatic rings combined are restricted by 
taking mobility of electric charges into consideration. Exanples of 67c electron system aromatic rings include benzene, 
pyridine, pyrimidine. pyridazine, pyrazine and tropolone rings; exanples of IOjc electron system aromatic rings include 
naphthalene, azulene, benzofuran, indole, indazole, berizothiazde. benzoxazde. benzimidazole, quinoline. isoquino- 
line. quinazoline and quinoxaline rings; and ^4n electron system aromatic rings include phenanthrene and anthracene 
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rings, tt has been known that these n electron system aromatic rings show f luoresc^ce when voltage or light is applied 
thereto. Those charge transfer materials which are preferably used in the present invention have structures combined 
with these n electron system aromatic rings, so that they are more preferable from the viewpoint of fluorescence. 
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[001 6] The liquid crystalline charge transfer materials of the present invention are useful for a variety of applications 
such as optical sensors, electro-luminescent elements, photoconductors. spacial optical modulators and thin-film tran- 
sistors. 

[0017] The liquid crystalline charge transfer materials of the present invention can attain high mobility of electric 
charges, and prevent the formation of structural traps. Therefore, optical sensors having high-speed responsibility can 
be mentioned as a primary application of these materials. Secondarily, the materials of the present invention are excel- 
lent in charge transferability, and they themselves are fluorescent, so that they can be used for charge transfer layers in 
electro-luminescent elements which can be produced with the mobility maintaining high. Moreover; the materials of the 
Invention are such that orientation in an electric field and photoconductivity can be switched at the same time. There- 
fore, they can be used for Image-displaying elements. 

[0018] Rgs. 1 to 4 are views for illustrating typical examples of the application of the charge transfer materials of the 
present invention to electro-luminescent elements. The simplest structure of the elements Is shown in Rg. 1 , in which 
a luminescent layer (charge transfer layer) 10, 14 is formed as a single layer; and sandwiched between a cathode 
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(transparent electrode) 13 provided on a transparent substrate 15* and an anode 13' provided on a substrate 15. Ref- 
erence numeral 16 indicates a spacer. Only when the charge transfer material has both charge transferability and fluo- 
rescence like the liquid aystaliine charge transfer materials of the present invention, it ts possible to produce an electro- 
luminescent element having the above stmcture. In this case, In order to obtain strong luminescence, it is preferable 
5 that a material having a low work function be selected as a material for forming the cathode which acts as an electron 
injector and that a material having a work function which is equal to or greater than the work function of the cathode be 
selected for forming the anode. 

[0019] Examples of materials for forming the anode generally include HO, indium oxide, tin oxide (doped with anti- 
mony, arsenic, or fluorine), Gd2Sn04, zinc oxide, copper iodide, alkaline or alkaline earth metals such as sodium, potas- 
10 slum, magnesium and lithium, sodium-potassium alloys, magnesium-indium alloys, magnesium-silver alloys, aluminum, 
gokJ. silver, gallium, indium and copper, and those materials which are used for forming the cathode. 
[0020] A material for forming the luminescent layer or charge transfer layer is composed of a charge transfer nnaterial 
[ and a luminescent material. The charge transfer material is preferably an electron-hole transfer material, a mixture of 
: electron-hole transfer materials, or a mixture of an electron transfer material and a hole transfer nnaterial. However, in 
IS the case where luminescence at the surface of the electrode is utilized, a material which transfers only electrons or 
holes may also be used. Since the charge transfer materials of the present invention themselves are fluorescent, it is 
; not necessary to use any luminescent material in the present invention; however, such a material may also be used 
^ along with the materials of the invention. 

[0021 ] Further, in the case of an electro-luminescent element having a structure as shown in Rg. 3 a 4, the thickness 
^ of-a!umJnesc^nt-layer-(!uminescent rmteria!) 10 issomadeth^^ 

The thickness of the luminescent layer Is preferably from 0.2 to 15 nm; and it can be adjusted by scattering spacer par- 
ticles in the luminescent material, or by a sealer to be provided around the periphery of the cell. 
[0022] " Figs: 5 to 7 are views for illustrating typical exarrples of the application of the charge trairtsfer materials of the~ 
present invention to optical sensors. An optical sensor Is conposed of electrodes 13, 13*. and a liquid aystaliine charge 
25 transfer material 14 of the present invention. For optical sensors, such a property that the value of electric cun-ent 
changes when light is applied to the charge transfer materials can be utilized. 

[0023] Rg. 8 is a view for illustrating a typical example of the application of the charge transfer materials of the present 
invention to image-displaying elements. An image-displaying element is conposed of a transparent substrate 15 such 
as a glass plate, a transparent electrode 1 3 made from TO Ondium titanium oxide) or tiie like, a charge-generating layer 

30 1 4* which generates carriers correspondingly to light applied to tiiis layer, a liquid crystalline charge transfer material 1 4 
of the present Invention and a counter electrode (gold electrode) 13\ which are successively laminated in the men- 
tioned order. When light is applied image-wise (input image) to the lower part (transparent substrate) of the elemart, 
molecules in the liquid aystaliine charge transfer material are oriented correspondingly to the light applied, and carriers 
flow toward the counter electrode (gold electrode) 13*. By optically reading this orientation of molecules In the liquid 

35 crystal, the input image can be reproduced. If the above liquid crystal Is highly smectic. the orientation of molecules in 
the liquid crystal Is maintained for a long time, and the input information can thus be maintained for a long time. 
[0024] Fig. 9 is a view fa illustrating an example of the application of the liquid crystalline charge transfer materials 
of the present invention to a charge transfer layer 14 In an image-recording device. While applying voltage to upper and 
lower electrodes 13and 13* as shown in Rg. 9. light Is applied pattern-wise to the upper part of the device. Inacharge- 

40 generating layer 14*, carriers are generated pattern^se; and charges transferred by tiie charge transfer layer 14 are 
discharged in the space 1 9. and reach the surface of an infamation-recording layer 1 1 . 

[0025] The infomnation-recording layer is a liquid crystal-polymer composite layer consisting of a smectic llqukl aystal 

and a polymer. Molecules in the liquid aystal are oriented pattem-wise by an electric field produced by accumulated 

charges, and accumulated. Optical reading can thus be conducted. 
45 [0026] Fig. 1 0 also shows an information-recading device. Application of voltage and that of light are conducted in 

the same manner as in the case of the Information-recording device shown in Rg. 9. Charges generated (image) are 

accumulated on the ipper surface of a dielectric layer 20. and optical reading can thus be conducted. 

[0027] Further; the liquid aystaliine charge transfer materials of tiie present invention can also be used for a special 

optical nrKxlulata as schematically shown in Rg. 1 1 . Moreover, they can also be used as an active layer in a tiiin-f ilm 
so transistor. For example, as shown in Rg. 1 2. the above^escribed liquid crystalline material can be used by providing it 

on a substrate on which a source electrode, a drain electrode and a gate electrode have been arranged. 

[0028] The present invention will now be explained more specifically by referring to the following Exanples. However. 

the present Invention Is not limited by these examples. 

ss ExanrolQ A1 

[0029] 4-Heptyloxybiphenylcarbonic acid (manufactured by Teikoku Chemical Industries Co.. Ltd., Japan) and 7- 
hydroxy-4-methyicumarin (synthesized In accordance witti the description in d Chem, Soa Chem, Comrwn,, {2) 225- 
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226, 1995) were dissolved in 4-pyridinyl phenol, and dehydration condensation was then carried out at 90''C by using 
1,3-dicyclohexyIcart>odiimide to synthesize 7-hydrQxy-6-(4-heptylQ)(ybiphenylcart>oxy)-4-methylcumarin. 

Example A2 

[0030] Two glass substrates, each having thereon an ITO electrode (surfece resistance: 100 to 200 n/a) formed by 
means of vacuum deposition were bonded with the PTO electrodes facing each other; a gap being provided between 
the substrates by using spacer particles, thereby obtaining a cell. Into this cell, the 7-hydroxy-6-(4-heptyloxybiphenyl- 
cait)0xy)-4-methylcumarin obtained In Example A1 was injeded under the condition of 1 10**C. When a direct current 
electric field of 250 V was applied to this cell, luminescence originating from the above compound was observed. 

Example A3 

[0031 ] A glass substrate on which an ITO electrode (surface resistance: 1 00 to 200 O/a) had been provided by means 
of vacuum deposition, and a glass substrate on which an Ag electrode (specific resistance: 1 O/cm or less) film thick- 
ness: 3,000 A) had been provided were bonded with the electrodes lacing each other, a gap being provided between 
the substrates by using spacer particles, thereby obtaining a cell. Into this cell, a liquid crystalline material which was 
the compound obtained In Example A1 was injected under the condition of 1 1 **C. When a direct current electric field of 
250 V was applied to this cell in a dark room, luminescence originating from the above liquid crystalline material was 
obsen^ed. 

Example A4 

[0032] A cell having the structure shown in Fig. 2 was made by using a liquid crystalline material which was the com- 
pound obtained in Exanple A1, where the liquid crystalline material was injected into the cell under the condition of 
1 10'C. When a direct current electric field of 250 V was applied to this cell in a dark room, luminescence originating 
from tiie above liquid crystalline material was observed. 

Ex^mpl^ A9 

[0033] A ceil having the structure shown in Fig. 3 was made by using a liquid crystalline material which was the com- 
pound obtained in Example A1 , where the liquid crystalline material was injected into tiie cdl under tiie condition of 
1 10**C. When a direct current electric field of 250 V was applied to this cell in a dark room, luminescence originating 
from tiie above liquid crystalline material was observed. 

Exgmpl^ Ag 

[0034] A cell having the structure shown in Rg. 4 was made by using a liquid crystalline material which was the com- 
pound obtained in Example A1 , where the liquid crystalline material was injected into ttie cell under tiie condition of 
1 10*C. When a direct current electric field of 250 V was applied to this cell in a dark room, luminescence originating 
from tiie above liqu'd crystalline material was observed. 

Example B1 

[0035] Two glass substrates, each having thereon an TO electrode (surface resistance: 100 to 200 QIu) fonned by 
means of vacuum deposition were bonded with tiie ITO ^ectrodes facing each other, a gap being provided between the 
substrates by using spacer particles, thereby obtaining a cell. Into this cell, benzthiazde liquid aystal (2-(4'-heptyloxy- 
phenyl)-6-dodecylben2othlazole. Crystal-90**C- SmA- 100°G-lsa) was Injected under the condition of 110*C. When a 
direct current electric field of 250 V was applied to this cell, luminescence originating from the above compound was 
observed. 

Example B2 

[0036] A glass substrate on which an TO electrode (surface resistance: 1 00 to 200 CVu) had been provided by means 
of vacuum deposition, and a glass substrate on which an Ag elecb'ode (specific resistance: 1 o/cm or less, film thick- 
ness: 3.000 A) had been provided were bonded with the electrodes facing each otiier, a gap being provided between 
the substrates by using spacer particles, thereby obtaining a cell. Into tfiis cell, a Ik^uid aystalline material which was 
the compound obtained in Exanple B1 was injected under tiie condition of 1 10'C. When a direct cun-ent electric field 
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of 250 V was applied to this cell in a dark room, luminescence originating from the above liquid crystalline material was 
observed. 

Example B3 

5 

[0037] A cell having the structure shown in Rg. 2 was made by using a liquid crystalline material which was the com- 
pound obtained In Example B1, where the liquid crystalline material was injected into the cell under the condition of 
1 lO^'C. When a direct current electric field of 250 V was applied to this cell in a dark room, luminescence aiginating 
from the above liquid crystalline material was observed. 

10 

Example B4 

[0038] A cell having the structure shown in Fig. 3 was made by using a liquid crystalline material which was the com- 
pound obtained in Exanple B1 , where the liquid crystalline material was injected into the cell under the condition of 
15 1 lO^'C. When a direct cun-ent electric field of 250 V was applied to this cell in a dark room, luminescence aiginating 
from the above liquid crystalline material was observed. 

Example B5 

20 [0039] A GelLhavlng.the-StnjGture shown ln-Fig.-4-was made by-i^^^ 

pound ot>tained in Example B1, where the liquid crystalline material was injected into the cell under the condition of 
HO^'C. When a direct current electric field of 250 V was applied to this cell in a dark room, luminescence aiginating 
fr6!Trthe^lx>verliqw^ material was 6bs*irS^r~^^^^ -™- 

25 Claims 

1. A liquid crystalline charge transfer ntaterial having the following structure (A) containing a fluorescent skeletal 
structure Y, and the core Z of a liquid crystal: 



30 




35 in which . which may directly be combined with Z without Interposing , represents a saturated a unsaturated, 
and linear, branched a cyclic hydrocarbon group having 1 to 22 cartx)n atoms; and and X2 represent oxygen 
atom, sulfur atom, or -CX)-. -0C0-. -CXX)-. -N=CH-, -CONH-, -NH-, -NHCO- or -CH2- group. 

2. The liquid crystalline charge transfer material according to daim 1 , wherein Z has a structure represented by Zi or 
40 Z1-Z2-Z3, in which Z^ and Z3 are (Bn electron system aromatic ring)|, (lOn electron system aromatic ring),^! or (147c 

electron system aromatic ring)n (where I, m and n are an integer of 0 to 4, provided that I -1- m + n » I to 4 ), and Z^ 
is -CH=CH-, -C-C-, -N=N-. -CH=N- or -COO- group, a Z^ and Z3 are directly combined with each other. 

3. The liquid crystalline charge transfer material according to daim 1 or 2, wherein Y is selected from radicals of metal 
45 chelate conrpounds, polycyclically condensed a conjugated aromatic hydrocarbons, diphenylethylene derivatives, 

triphenylamine derivatives. diaminocart)azole derivatives, bisstyryl derivatives, benzothiazole derivatives, benzox- 
azole derivatives, aromatic diamine derivatives, quinacridone conpounds. perylene compounds, oxadiazole deriv- 
atives, cumarin compounds and anthracene derivatives. 

^ 4. An electro-luminescent element containing in its driving patii at least one material set forth in any one of daims 1 
to 3. 

5. All eledro-luminescent element whose charge transfer part and luminescent part are made from at least one mate- 
rial set forth in any one of daims 1 to 3. 

65 

6. An electro-luminescent element which contains in its driving path at least one material set forth in any one of daims 
1 to 3 and whose charge transfer part and luminescent part are composed of a single layer. 
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7. All optical sensor containing in its driving path at least one niaterial set forth in any one of claims 1 to 3. 

8. A photoconductor containing In its driving path at least one material set forth in any one of claims 1 to 3. 

9. An image-displaying element containing in its driving path at least one material set forth in any one of claims 1 to 3. 

10. A spacial optical modulator containing in its driving path at least one material set forth in any one of claims 1 to 3. 

1 1 . A thin-film transistor containing in its driving path at least one material set forth in any one of daims 1 to 3. 

12. A liquid crystalline charge transfer material having the following skeletal structure (B) containing the fluorescent 
core Y of a liquid crystal: 



in which Ri and R2. which may directly be combined with Y without interposing and X2, each represent a satu- 
rated or unsaturated, and linear, branched or cyclic hydrocarbon group having 1 to 22 cartion atoms; and and 
X2 represent oxygen atom, sulfur atom, or -CO-. -OCO-. -CXX)-. -N=CH-, -CONH-. -NH-, -NHCO- or - CHg- group. 

13. The liquid crystalline charge transfer material according to daim 12. wherein Y is (6tc electron system aromatic 
ring)|. (lOic electron system aromatic ring)^ or (147i electron system aromatic ring)n (where I, m and n are an integer 
of 0 to 4, provided that I + m + n = 1 to 4). and the aromatic rings may be combined through -CH=CH-. -C-C-. - 
N=N-. -CH=N- or -COO- group. 

14. The liquid crystalline charge transfer material according to claim 12, wherein Y Is selected from radicals of metal 
chelate compounds, polycyclically condensed or conjugated aromatic hydrocarbons, diphenylethylene derivatives, 
triphenylamine derivatives, diaminocart)azole derivatives, bisstyryl derivatives, benzothiazole derivatives, benzox- 
azole derivatives, aromatic diamine derivatives, quinacridone compounds, perylene compounds, oxadizole deriva- 
tives, cumarin compounds and antiiracene derivatives. 

15. An electro-luminescent element containing in its driving path at least one material set forth in any one of claims 12 
to 14. 

1 6. An electro-luminescent element whose charge transfer part and luminescent part are made from at least one mate- 
rial set fortii In any one of daims 12 to 14. 

17. An electro-luminescent element which contains in its driving path at least one material set forth in any one of daims 
12 to 14 and whose charge transfer part and luminescent part are composed of a single layer. 

18. An optical sensor containing in its driving path at least one material set forth in any one of daims 12 to 14. 

1 9. A photoconductor containing In its driving path at least one material set forth in any one of daims 12 to 1 4. 

20. An image-displaying element containing In its driving path at least one material set fortti in any one of daims 12 to 
14. 

21 . A spadal optical nrKxlulator containing in Its driving path at least one material set forth in my one of daims 1 2 to 1 4. 

22. A thin-film transistor containing in its driving path at least one material set forth in any one of daims 12 to 14. 
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